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Summary
Objective: To investigate the incidence and nature of secondary osteonecrosis observed in osteoarthritis (OA) of the femoral head.
Design: This study is based on a retrospective review of the histopathologic and radiologic materials obtained from 906 consecutive cases
(1007 femoral heads) diagnosed as OA.
Results: Secondary osteonecrosis was recognized grossly and confirmed microscopically in 38.2% of the femoral heads. The lesions were
categorized into two types based on shape, size and depth; ‘shallow’ flat lesion (median axis 3–10 mm, depth 2–3 mm) with or without cysts
(368 cases, 36.5%), and ‘deep, wedge-shaped’ large lesion (more than 20 mm across and 10 mm in depth) with or without cyst (17 cases,
1.7%). In the ‘shallow’ flat lesion, the age ranged from 25 to 88 (average 66), the female/male ratio was 0.8, and the location of osteonecrosis
correlated best with the direction of migration in OA. In the ‘deep, wedge-shaped’ lesion, the age ranged from 56 to 92 (average 70), the
female/male ratio was 1.8, and the location of osteonecrosis was similar to that found in primary osteonecrosis.
Conclusion: Two different types of osteonecrosis were observed in OA. ’Shallow’ osteonecrosis may be pressure necrosis as a result of
eburnation, while ‘deep, wedge-shaped’ osteonecrosis appears to be an independent phenomena presumably caused by similar causal
factors to those in primary osteonecrosis. © 2000 OsteoArthritis Research Society International
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Subarticular osteonecrosis has been reported to occur as a
secondary event in between 8 to 23% of the femoral heads
surgically removed with a clinical diagnosis of osteoarthritis
(OA).1–4 Based on its histopathologic characteristics, pre-
vious reports have differentiated secondary osteonecrosis
from collapsed stage IV primary osteonecrosis; however.
the question as to whether osteonecrosis observed in OA
is truly a ‘secondary’ event resulting from OA or is an
independent superimposed lesion remains.
Because secondary osteonecrosis in OA has only been
diagnosed by the pathologic examination of surgically
resected femoral heads, this type of osteonecrosis is not
well recognized in the clinical fields. Nevertheless, in
considering therapeutic options for the osteoarthritic hip, it
may be important to be aware of the clinicopathologic
characteristics of secondary osteonecrosis in OA.
This paper will consider the morphologic and radiologic
appearance of secondary osteonecrosis observed in OA
and discuss its possible pathogenesis.Materials and methods
We have reviewed all femoral heads removed in our
hospital with a clinical and histopathological diagnosis
of OA during a 1-year period from August in 1997
through July in 1998. Cases of primary osteonecrosis and303especially of stage IV collapsed primary osteonecrosis
were excluded from this study.
During the one year review period 1007 femoral heads,
from 906 patients with a clinical and histopathological
diagnosis of OA, were examined in our laboratory. The age
range was from 16 to 92, with an average of 64. They were
420 males and 486 females (F/M: 1.16).
The reviewed materials included plain radiographs,
gross photographs, specimen radiographs, and micro-
scopic sections in each case.TISSUE PREPARATION
In our department, all femoral heads removed at surgery
are photographed intact and then fixed in 10% formalin
solution. In each case, a 5 mm thick mid-coronal section is
obtained using a band saw, and is first photographed and
then radiographed using low voltage X-rays (Faxitron,
Buffalo Grove, IL) and fine-grain films (Kodak, Rochester,
NY). After decalcification in 5% nitric acid solution for 3
days, the sections are processed, embedded in paraffin
and 5-micron-thick glass mounted sections are prepared,
which are routinely stained with hematoxylin and eosin.Received 6 April 1999; accepted 16 December 1999.
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A histopathologic diagnosis of OA is characterized by a
gross appearance of thinning and loss of articular cartilage
with eburnation and sclerosis of the exposed subchondral
bone, with or without subarticular pseudocysts, and osteo-
phytosis. Microscopically, tissue breakdown and associ-
ated repair without a significant inflammatory component
are characteristic.5
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made based on the following previously reported morpho-
logic criteria; grossly an opaque yellow eburnated lesion,
consisting microscopically of dead thickened bone trabecu-
lae showing empty osteocytic lacunae or shrunken pyknotic
osteocytes, together with bone marrow tissue necrosis.1–4
Death of osteocytes seen only in the superficial layer of
eburnated bone was excluded, since this finding is
observed in every osteoarthritic femoral head.1
(The histopathologic examinations were performed inde-
pendently by the four authors, who have a primary interest
in orthopaedic pathology. Interobserver’s bias was not
recognized.)RADIOGRAPHIC EXAMINATION
The radiologic diagnosis of OA was made based on the
joint space narrowing with associated degenerative and
proliferative changes in femoral head and/or acetabulum.5
Regarding the location and extent of the secondary
osteonecrosis in OA, the radiologic classification devel-
oped for the primary osteonecrosis was used.6 In this
classification, the weight-bearing portion of the acetabulum
is divided into three portions. The necrotic region is classi-
fied as type 1-A if it faces less than one-third of the weight-
bearing area, type 1-B if the area is greater than one-third
but less than two-thirds, type 1-C for two-thirds or more,
type 3-A if the necrotic area locates only within the sub-
stance of the femoral head and not at the surface, and type
3-B if the necrotic area locates within the weight-bearing
area but only at the lateral portion. (Since type 2 lesion
refers to flattening of the femoral head in primary
osteonecrosis, it was not included in this study.)ResultsINCIDENCE OF SECONDARY OSTEONECROSIS (TABLE I)
Secondary osteonecrosis was confirmed both grossly
and histologically in 385 of 1007 (38.2%) femoral heads. All
necrotic regions were confined to the eburnated area, and
the majority (335 of 385 cases, 87%) were located at
the edge of the eburnated area. Based on the review of
medical charts, all the patients with secondary osteonecro-
sis had been given anti-inflammatory drugs.
The osteonecrotic lesions could be categorized into two
types based on shape, size and depth; (1) ‘shallow’
osteonecrosis, small (3–10 mm in greatest axis), shallow
(median depth 2–3 mm), flat lesion with or without cysts
(368 cases, 36.5%), and (2) ‘deep, wedge-shaped’
osteonecrosis, large (more than 20 mm in greatest axis),
deep (more than 10 mm), wedge-shaped lesion with or
without cyst (17 cases, 1.7%).
The age in shallow osteonecrosis ranged from 25 to 88
(average 66), 200 males and 168 females (F/M ratio 0.8).Fig. 1. ‘Shallow’ secondary osteonecrosis observed in a 52-year-old fem
or alcohol abuse was elicited. (A) The anteroposterior radiograph show
superior portion of the femoral head, with osteophyte formation on the lat
superolateral type. (B) On a mid coronal section, an opaque yellow necro
surface at the superior portion of the femoral head. (C) On the specime
patchy lytic areas are observed around the necrotic area (arrow heads).
necrotic lesion. There are dead thickened bone trabeculae showing e
together with bone marrow tissue necrosis (hematoxylin and eosin). (E) A
being resorbed by osteoclasts and replaced by reparaHistory of corticosteroids intake was noted in 42 cases
(11%) and alcohol abuse in three (0.8%). Multiple necrotic
regions (2–3 foci) were seen in 108 of 385 (28%) second-
ary osteonecrosis cases, and all of them were shallow
osteonecrosis.
In deep, wedge-shaped osteonecrosis, the age ranged
from 56 to 92 (average 70), six males and 11 females (F/M
ratio 1.8). History of corticosteroid intake was noted in
three patients (18%) and no history of alcohol abuse was
elicited.
Age, F/M ratio, and history of corticosteroid and alcohol
between shallow and deep, wedge-shaped osteonecrosis
were compared using Student’s t-test, chi-square test
and Fisher’s exact test, respectively, which showed no
significant difference between the two groups.RADIOLOGIC FINDINGS
Secondary osteonecrosis could not be recognized, even
retrospectively, on either the clinical or specimen radio-
graphs. Therefore, the necrotic area confirmed by the gross
and microscopic findings was traced on to the radiograph.
Based on the traced area of necrosis, the following radio-
logic classification was derived. In the shallow osteonecro-
sis, the location could not be radiologically categorized, due
to the small area of necrosis, but correlated best with the
direction of migration in OA (Fig. 1). On the other hand, the
deep, wedge-shaped osteonecrosis (Fig. 2) could be cat-
egorized into four groups, in which two cases were type
1-A, three cases type 1-B, nine cases type 1-C, and three
cases type 3-B (Table II). (This distribution is statistically
similar to that seen in primary osteonecrosis,6 using
Fisher’s exact test.)
On the specimen radiographs, osteolytic foci were
observed around the secondary osteonecrosis in about half
cases of both type of osteonecrosis (Fig. 1C).Table I
Clinicopathologic characteristics of ‘shallow’ and ‘deep, wedge-
shaped’ osteonecrosis
Shallow Deep, wedge-shaped
Shape Flat Large, wedge-shaped
Depth 2–3 mm More than 10 mm
Number 368 (36.5%) 17 (1.7%)
Age (average) 25–88 (66) 56–92 (70)*
Male:female (F/M ratio) 200:168 (0.8) 6:11 (1.8)*
Corticosteroid (%) 42 (11%) 3 (18%)*
Alcohol (%) 3 (0.8%) 0*
*There is no significant difference in age, F/M ratio, history of
corticosteroid and alcohol between the two groups.ale with a 3-year history of left hip pain. No history of corticosteroid
s joint space narrowing and subchondral sclerotic changes in the
eral and medial portion. The direction of migration is considered as
tic area (arrow heads) is observed beneath the eburnated articular
n radiograph, the area of necrosis cannot be identified, but a few
There is no rim of reactive sclerosis. (D) Photomicrograph from the
mpty osteocytic lacunae and shrunken remnants of osteocytes,
t the periphery of the necrotic area, dead thickened bone tissue is
tive granulation tissue (hematoxylin and eosin).
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306 T. Yamamoto et al.: Osteonecrosis in osteoarthritisFig. 2. ‘Deep, wedge shaped’ osteonecrosis in a 86-year-old male with a 3-year history of right hip pain. No history of corticosteroid or alcohol
abuse was elicited. (A) The anteroposterior radiograph shows joint space narrowing at the superolateral portion. Subchondral sclerotic
changes are observed in both the femoral head and acetabulum. A large osseous density is present at the superolateral aspect of the hip
joint, which is most consistent with a large unfused osteophyte or an intraarticular loose body. (B) On a mid coronal section, an opaque yellow
wedge-shaped area of necrosis (arrows) is observed. Note there are no remnants of articular cartilage at the superior eburnated articular
surface. (C) On the specimen radiograph, the area of necrosis is not demonstrated. There is no sclerotic rim formation around the necrotic
area, such as would be seen in primary osteonecrosis. (D) Photomicrograph from the necrotic area. There are dead thickened bone
trabeculae showing empty osteocytic lacunae and shrunken remnants of osteocytes. The bone marrow tissue is also necrotic (hematoxylin
and eosin). (E) At the periphery of the necrotic area, dead thickened bone tissue is being replaced by reparative granulation and fibrous
tissue. Note no bony repair such as creeping substitution is observed (hematoxylin and eosin).
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On gross examination, both shallow and deep, wedge-
shaped osteonecroses were generally recognized as an
opaque yellow region at the exposed eburnated surface.
On coronal sections of the femoral head, shallow
osteonecrosis was a superficial lesion less than 3 mm
deep, while deep, wedge-shaped osteonecrosis was a
large lesion more than 10 mm deep similar to that found in
primary osteonecrosis (Figs 1 and 2). Other gross differ-
ences were not obvious. On microscopic examination, both
types of secondary osteonecrosis were characterized by
dead, thickened bone trabeculae, showing either empty
lacunae or the shrunken pyknotic osteocytes, and necrotic
marrow tissue including ghosts of chronic inflammatory
cells and other constituents of granulation tissue (Figs 1
and 2). An accumulation of bone debris (not an artefact of
preparation) was focally noted between the dead bone
trabeculae. At the periphery of the necrotic area, there was
increased osteoclastic activity together with loose vascular
connective tissue, where dead bone tissue was being
replaced by reparative fibrous tissue and eventually
appeared to undergo cyst formation. These areas corre-
sponded to the osteolytic foci on the specimen radiographs.
Appositional bone formation (or creeping substitution) was
not obvious and for this reason, secondary osteonecrosis
could not be recognized radiographically since no sclerotic
rim could be identified on the clinical radiograph or on the
specimen radiograph. In neither lesion, was there evidence
of extension of the necrotic area,7 making it unlikely that the
shallow lesion develops into a deep, wedge-shaped lesion.
About 10% of the secondary osteonecrosis cases were
associated with cyst formation. However, whether these
cysts are primary or secondary to the necrosis could not be
determined.Discussion
The reported incidence of secondary osteonecrosis in
OA ranges from 6 to 38%.1–4 This variation may result from
the methods of selection of the cases (i.e. retrospective
cross sectional study, influences of geography, various
treatment options) as well as the methods of assessing the
osteonecrosis (i.e. microscopically, grossly, or both).
This study has revealed two different types of
osteonecrosis in osteoarthritic femoral heads: (1) small
shallow lesions, often multiple, and (2) single large deep,
wedge-shaped lesions the location of which are distributed
in a similar fashion to that seen in primary osteonecrosis.The former group is the most common type of osteonecro-
sis in OA. We hypothesize that it is the result of abnormal
mechanical stress, resulting in ischemia and microfrac-
ture, both of which seem to play an important role in its
pathogenesis.8,9
On the other hand, because of its similarity to primary
osteonecrosis both in appearance and location, we hypoth-
esize that the deep, wedge-shaped osteonecrosis is a
superimposed lesion, in which the same etiologic factors
that are believed to have a role in primary osteonecrosis
including corticosteroid intake, potential hypercoagulability,
intraosseous hypertension, and hyperlipidemia may be
important.10,11
In both types of secondary osteonecrosis associated
with OA, the presence of a necrotic focus may interfere with
the reparative process and the subsequent joint remodeling
phenomena.1,12 When considering conservative therapy
for OA or a joint salvage procedure such as osteotomy
in either the femoral or acetabular component of the hip,
the presence of deep, wedge-shaped large secondary
osteonecrosis should be kept in mind especially in the
elderly female.
For the pathologist, the differential diagnosis between
primary and secondary osteonecrosis is important. As most
authors have described, in secondary osteonecrosis the
necrotic area includes thickened bone trabeculae which
are closely packed in the eburnated bone.1–4 (In primary
osteonecrosis, the necrotic bone is not thickened and
generally has a normal pattern of distribution.) Histopatho-
logically, both primary and secondary osteonecroses are
repaired by fibrous granulation tissue growing in from the
periphery. However, in secondary osteonecrosis, bony
repair such as is characteristically seen in primary
osteonecrosis may be difficult to recognize and appears to
be uncommon.
Although many people with OA presumably incur focal
ischemic changes in the femoral head, only about 38% of
them develop grossly determinable secondary osteonecro-
sis. In this study, the presence of two types of secondary
osteonecrosis was clearly observed in the osteoarthritic
femoral heads.Acknowledgments
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Radiologic classification of ‘deep, wedge-shaped’ osteonecrosis
and comparison with that in primary osteonecrosis
Deep, wedge-shaped
osteonecrosis in OA
N=17
Primary osteonecrosis [6]
N=111
Type 1-A 2 (11%) 5 (5%)
Type 1-B 3 (18%) 16 (14%)
Type 1-C 9 (53%) 68 (61%)
Type 3-A 0 (0%) 17 (15%)
Type 3-B 3 (18%) 5 (5%)
There is no significant difference in the location of necrosis
between two groups.References
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